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Effects of heavy-load exercise on skeletal muscle cells apoptosis

and mechanisms of mitochondrial apoptosis in rats
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[ ABSTRACT] Objective: To analyze the molecular mechanisms of skeletal muscle cells apoptosis induced by heavy-load exercise
with Omi as the entry point. Methods: One hundred and twenty-six adult SD rats were randomly divided into five groups: control group
(C), eccentric exercise group (E), simple blocking group (U), DMSO group (D) and exercise block group (EU). In addition to
the C group, the other four groups were randomly divided into O h after experiment, 12 h after experiment, 24 h after experiment, 48
h after experiment and 72 h after experiment with 6 rats in each group. E and EU group were submitted to a heavy-load exercise on a
treadmill down a 16° decline, 16 m/min for 90 minutes. U, D and EU group were one-time intervened with drugs. U and EU groups
were intraperitoneally injected with 1.5 pmol/kg ucf-101, D group were intraperitoneally injected with 1.5 pmol./kg 0.5% DMSO.
The rats were sacrificed in batches at different time points after experiment, then the soleus were saved to detect the Caspase-3,-8,-9,-
12 activities and protein expressions of Omi and XIAP. Results: Compared with group C, the mitochondrial distribution and morpholo-
gy appeared the typical ultrastructure pathological changes, the opening degree of MPTP was increased significantly (P<0.01) or ( P<
0.05), protein expressions of Omi and XIAP were increased significantly ( P<0.01 or P<0.05), the activities of Caspase-9 and
Caspase-3 were increased significantly ( P<0.01 or P<0.05) in group E. Compared with group C, there was no significant difference
in XIAP protein and caspase-9, - 3 activities in group U and Group D. The change trend of XIAP protein and Caspase-9, - 3 activities
was the same as those between EU group and E group, but the change range of XIAP protein in EU group was significantly higher than
that in E group (P<0.01), and the change ranges of caspase-9, - 3 activities in EU group were significantly lower than those in E
group (P<0.01). Conclusion: A single heavy-load exercise can induce changes in the mitochondria morphology and structure in rats,
open the high permeability of MPTP, and improve the expression of Omi protein, then through its downstream XIAP-Caspase pathway,

start the mitochondrial apoptosis pathway mediated by caspase-9, and finally lead to myocyte apoptosis. The inhibition of Omi can re-
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duce the cell apoptosis level of motor induced skeletal muscle cells.
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Fig. 1 Electron microscopic observation of skeletal muscle mi-
tochondrial ultrastructure after eccentric exercise
(%10 000)
C:. Control group; EO: O hours after eccentric exercise
group; E12: 12 hours after eccentric exercise group;
E24. 24 hours after eccentric exercise group; E48. 48
hours after eccentric exercise group; E72: 72 hours after

eccentric exercise group
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Fig. 2 Electron microscopic observation of skeletal muscle mi-

tochondrial ultrastructure after eccentric exercise

(x40 000)

C: Control group; EO: O hours after eccentric exercise
group; E12: 12 hours after eccentric exercise group;
E24. 24 hours after eccentric exercise group; E48. 48
hours after eccentric exercise group; E72: 72 hours after

eccentric exercise group

2.2 BERAL MPTP FHZL

k1 iR, 5 C A, KRR N4 2L
MPTP FFlt 2 BE 7 5032 2 )5 0 h & 48 h W& Tt
5,72 h EVKE B IEH K, BLAE 12 h FH B,
om0z s rl DL 80 MPTP JF R RS K
Tab. 1 Changes of skeletal muscle MPTP opening and Omi/

XIAP complex after eccentric exercise (xxs, n=6)

Group MPTP activity(AAsy)  Omi/XIAP complex
C 0.065+0. 027 1.0000. 289

EO 0.122+0.031" 3.523+0.373 "
E12 0.183+0.022* 7.924+0.354™
£24 0.166+0. 026 10.2210. 469 ™
F48 0.131+0.019" 9.070+0.492 "
E72 0.084+0. 021 8.363+0.303 "

MPTP Mitochondrial permeability transition pore; C: Con-
trol group; EO: O hours after eccentric exercise group; E12; 12
hours after eccentric exercise group; E24 . 24 hours after eccen-
tric exercise group; FE48: 48 hours after eccentric exercise

group; E72: 72 hours after eccentric exercise group

"P<0.05, "P<0.01 vs C
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P (P<0.01) , ZizgJa 72 h VK& 34 x5 A
K. (2) HaliBH B . 5 e fot AT A LL, BRai
Wi 4l Omi 2 (A 7ETHE 12 h(P<0.05) £ 72 h
(P<0.05) ¥ 3 FFEAL; 5 B Las S 4 AH L, Omi £
F 2R TEAS I R] 5, ( P<0. 01) 2 i FR T .0 is 3h
4, (3)DMSO 4. 5% # %t AL H, DMSO AN
[ AR Omi 28 R IAT0 B3 22 5% 5 B0 iz sh 4L Al
W, BT HUG 72 h 4b, DMSO 2 Omi & [ 31k 4% it
[ 55 (P<0.01) 4 5 ZAK T 25,0012 sh 4 ; 5 Hp. 4l BH K
ZHAH L, DMSO 4 Omi 5 H R X FE T HiS 12 h(P<
0.01),48 h(P<0.01) Bl @ F5, (4)izshFHI4 .
Omi & [ 35 5280t B M He AR a8 S BE TS 0 h
A & THE (P<0.01) ,12 h(P<0.01) T3] &
6 24 h(P<0.01) BA BT T FEAEAN B35 5 T &
XTHRZ 48 h % 72 h BT FFESEAIR T 2 2 i R
AT SELE s g, Omi & H &R 7EZ s
WiJ5 0 h(P<0.01)F112 h( P<0.01) B @ Tt , Hidy
ik ] 4 35 T b 2 22 S5 5 5 PRt BH BT 28 A DMSO 21 AH
b, B% 72 h A1, 38 ST Omi 2K 11 28 35 451 A] A5
(P<0.01) ¥ 8 3 = T B4l BH T 21 A1 DMSO 41,

C EO E12 E24 E48 E72
Omi .
GAPDH

C uo Ul12 7. U224 U48 U72‘
Omi
GAPDH

C DO D12 D24 D438 D72
Omi S S N ———
GAPDH . "

C EUO-‘ ]-E;Jl2‘ E;24 iEU48 EU;Z
Omi ’ —g— ’ "
GAPDH

Fig. 3 Changes of Omi protein expressions in skeletal muscle
after eccentric exercise and UCF-101 intervention
C: Control group; E: Eccentric exercise group; U: Simple
blocking group; D: DMSO group; EU. Exercise block
group
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Tab. 2 Changes of Omi protein expressions in skeletal muscle after eccentric

exercise and UCF-101 intervention(x+s, n=6)O0mi(% C group)

Group 0h 12h 24 h 48 h 72 h

E 2.395:0.193 4444 310340,232 " AAAAO0 ] 04740, 174 ALAROO® | 73740, 129 ALAACO®E | 1134, 18324 0SSN
U 0.7770.202% 0.639+0.097 * 44 0.609+0. 132 0.542+0, 128 *#*4 4 0.594+0.193 **

D 0.9430. 149" 1.1380. 12744 0.9730. 183" 1.17320. 192744 0.8410.103

EU 1.596+0.210 #2444 ) 6440, |72 #ALAROC 9 12040, 193 " ALAACO® | 30340, [68* 4L COME 0.835+0. 171 ®e0m

C: Control group; E: Eccentric exercise group; U: Simple blocking group; D: DMSO group; EU: Exercise block group
*P<0.05, “P<0.01 vs C in the group; "P<0.05,”P<0.01 vs E at the same time; ““P<0.01 vs U at the same time; ** P<
0.01 vs D at the same time; °°P<0.01 vs 0 h in the group; ®P<0.05, ®®P<0.01 vs 12 h in the group; "2 P<0.01 vs 24 h in the

group; ™P<0.05,™®P<0.01 vs 48 h in the group
2.4 BEIXIAP EARIET

mE 4,33 Fow, (1) Eoizshd . 5L XI-
AP FEHFEIRTEIZEN G 0 h B S THE (P<0.01) ,48 h
I EEE (P<0.01) ,72 h A R AR 8% % T
LN IR (P<0.01), (2) B4l fH K 2H 1 DMSO
A SRR IRAIAR L, X P4 XTAP B &R T
W E 2R SELO I A L, i BH T2 XTAP &
HFIATET UG 12 h 72 h W B FRTE.055)
ZH AR ] 55 ( P<0.01) ,DMSO 4 XIAP & 41k
SRR R ECT BB s AR A 5 (P<0.01)
(3) iz s B 2 . 5 22 6 B ZH A L, 32 3l BH B 21
XIAP 5 R BESLK 5 0 h BLE T+ (P<0.05)
24 h iAH 6 (P<0.01) ,48 h F1 72 h A5 FF FFH
AT 535 1o T2 AT BRZH ( P<0. 01) 5 5 B30 B Sh2H A
L, XTAP fE 1361812 S BHITAIRR 12 h F124 h 3%
[ TIB N4 (P<0. 01 ), HA I ] s34 JC W 3% 25 575
SR aiBHWT A AH L, iz ZhBHWT S 12 h % 72 h XIAP
EFEA BT E (P<0.01) ;5 DMSO 2HAH [,
15 BIBHIKTE 4% I ] 55 XTAP E Ik B E T (P

<0.01) .
C EO E12 E24 E48 E72

XIAP e — — I — —

GADDI o o— — — — —

C uo Ul2 U24 U48 u72
XIAP —-—-—
GAPDH  o— o CRi < < em——

C DO D12 D24 D48 D72

XIAP — S GENED A — —

GAPDl w——— e b = G S—

C EUO EUI12 EU24 EU48 EU72
XIAP e ogieds o CENTES oo SEEESSS

GAPDH S Sn SR S S— a—

Fig. 4 Changes of XIAP protein expressions in skeletal muscle
after eccentric exercise and UCF-101 intervention
C: Control group; E: Eccentric exercise group; U: Simple
blocking group; D: DMSO group; EU: Exercise block

group

Tab. 3 Changes of XIAP protein expressions in skeletal muscle after eccentric exercise

and UCF-101 intervention(x+s, n=6)XIAP(% C group)

Group 0h 12h 24 h

48 h 72 h

E 1.547£0.234 ™ 44 2.97340.194 ** 224400 3 5174(,069 ** A LAAOC®® 3 9514(,193 ** AL AACOSSNT ) (11040 202 AL AACCSSTIER

U 1.2130. 152
D 0.9030. 183"

1.243+0. 119"
1.139+0. 126"

1.129+0. 174
0.872+0. 192"

EU  1.47240.213* 44 3.49310.201 ™ #A 24400 5 1394() [§) " #ALALOCO® 3 936, 1gp = A~ ALOOHT

0.837+0. 127"

0.914+0. 187*
1.66240. 146 = Ao As00LMM

0.926+0.092"
1.2040. 1127

C: Control group; E: Eccentric exercise group; U: Simple blocking group; D: DMSO group; EU: Exercise block group

*P<0.05, "P<0.01 vs C in the group; *P<0.01 vs E at the same time;

££P<0.01 vs U at the same time; *4P<0.01 vs D at

the same time; ©°P<0.01 vs O h in the group; ®®P<0.01 vs 12 h in the group; “ZP<0.01 vs 24 h in the group; ™™P<0.01 vs 48

h in the group

2.5 BEAL Omi #1 XIAP B E/EAZL

FH 8 FL 0 3E 7 A6 I K R WLZH 2 Omi Al
XIAP WA EAE R, e 1,18 5 s, 5 2§ i
A, B0E3E 0 h 272 h KEE#AL Omi 1

XIAP 25 £ 4 8 5 78, T8 305 24 b FE R
e, $75, B0Z S5 FHE UL Omi 1 XIAP 77 76 4
TLHEGHEN.
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Fig. 5 Changes of skeletal muscle Omi/XIAP complex after
eccentric exercise
C. Control group; EO: O hours after eccentric exercise
group; E12: 12 hours after eccentric exercise group; E24 ;
24 hours after eccentric exercise group; F48: 48 hours af-
ter eccentric exercise group; E72: 72 hours after eccentric
exercise group
2.6 EBEAL Caspase9 iHHET L
Wk 4 Fros, (1) 80z 3 4l A [F i
Caspase-9 {GPETEZE NG 0 h FSA A, fE 12 h AR
B (P<0.01) , ZJ5 2 HT T FE, (HZ 48 h(P<0.01)
ATHE s TR BRE KT, 22 72 h AT i T2 nt R
HATREES, (2) P45 DMSO 4. 5
LT ARATAT HE, FAAERH 415 DMSO 21 47 5 4k
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WL Caspase-9 1M TLG 2425 5 H & .0as sh 4 A
I, Caspase-9 IWiPEAERALEFHIIG 12 h = 48 h #1i
FRT BB 34 (P<0.01) ; DMSO 4 Caspase-9
WEYETET 15 0 h & 48 h 2K T E.0izshd
(P<0.01) , S5H2EBHBr414H H , DMSO 41 Caspase-9
Wty RE X, (3)B3 KA. 5%§
XFHRZHAH B, Caspase-9 G PMEAE iz S FHWT S 0 h A Bt
ThE 12 h FEE R E (P<0.01) ,24 h A Bt T FE(EAT
5 (P<0.05) , 75 48 h f1 72 h EL B #ik B 24 i
K SR S A L, 38 S BT 2 Caspase-9 1%
PR S5 B iz sh Al S, BT E .0z 8
H HHA 12 h F148 h 225 8.3 (P<0.01) ; 554
FHIBTZHAH L , Caspase-9 1M 7EZ S FH TS 12 h(P<
0.01)F124 h(P<0.05) W& T+, 5 DMSO 41 4H
Lt., Caspase-9 {4 7Ei2 FFHIKTS 0 h(P<0.05) il 12
h(P<0.01) &5,

Tab. 4 Changes of skeletal muscle Caspase-9 activity after eccentric exercise

and UCF-101 intervention(x+s, n=6) Caspase-9 activity(nmol/(h + mg) )

Group 0h 12h 24 h 48 h 72 h

E 0.081£0.017* 0.156+0.015 = ~4449° 0 12240.012 ™ 244 0.116+0.013 *2~44® 0.084£0.013*®7
U 0.049£0.010 0.053+0.014% 0.045£0. 008" 0.040+0. 009" 0.055£0.012

D 0.043+0. 007" 0.05120.017* 0.062+0.011% 0.04620. 013" 0.0580.009

EU  0.063:0.013%  0.108£0.012 “#424400

0.099+0.007 **

0.061+0.013*®® 0.049+0.017®°*=C

C: Control group; E: Eccentric exercise group; U: Simple blocking group; D: DMSO group; EU: Exercise block group
“P<0.05, ™ P<0.01 vs C in the group; *P<0.05,"P<0.01 vs E at the same time; 2P<0.05,%%P<0.01 vs U at the same
time; *P<0.05,44P<0.01 vs D at the same time; °°P<0.01 vs O h in the group; ®P<0.05,°®P<0.01 vs 12 h in the group;

Bp<0.05,77P<0.01 vs 24 h in the group
2.7 WAL Caspase-3 iFHEIT L

W s pion, (1) B0z 814 ; Caspase-3 TG PEFE
12850 h(P<0.05),12 h(P<0.01),24 h(P<
0.01),48 h(P<0.05) {3 & T X R4, 12 h T
BiE, B0z EhE 72 h IRE BIEH K, (2) %
Sl RH Wy 21 . 5 22 F 0 B4 A b, B ol BH T 4 4 A
Caspase-3 WG MEM¥ LB % 27, S0z,
Caspase-3 15 PEAE B4 HIT 15 12 h(P<0.01) &
48 h(P<0.01) ¥ FEAX-FAH NS [E] 5, (3) DMSO
2 5 AL AR, DMSO 4] 4 F2 Caspase-3 i
PERI TG 124 2 55 5 8 0428 s 4 A L, DMSO 41
Caspase-3 {HPAET )5 0 h(P<0.01) 2 48 h(P<
0.01) B0 EANT B .08 sh 4l ; 5 B sl B T 4 AH L
DMSO 414 F¢ Caspase-3 {HPEZL TR EZEF . (4)
iz s BE W2 . 5 2 i X BRZH A B, Caspase-3 1% PE7E
ESIFIE 0 h B5A T+, 12 h KTl (P<0.01) ,
24 h(P<0.05) A T FEEA & T2 2,48 h
172 h B B L IEOK O 5 8008 s 4l A

Lt Caspase-3 {iE7Eiz S FHWTJ5 12 h(P<0.01) &
BT Oz sh 4 ; 5 sl JH W 2H # L, Caspase-3
LB SIS 12 h(P<0.01) 124 h(P<0.01)
BETE ;5 DMSO At Caspase-3 1% 7 12 8l
RIS 0 h( P<0.05) .12 h( P<0.01) 1 24 h(P<
0.05) .3 = T DMSO 4.,

3 itig
3.1 —RABFIEE B ALK B EEN
A

— R KA far iz 3l 0 HZ KSR B 1 250 iz 3l e
WLP A5 5l 5, R B LT 6, 48 1k IR 7 34
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RIEAEH LS5, B35 12 h LR kB0 &%
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Tab. 5 Changes of skeletal muscle Caspase-3 activity after eccentric exercise

and UCF-101 intervention(x+s, n=6) Caspase-3 activity(nmol/(h + mg) )

Group 0h 12 h 24 h 48 h 72 h

E 2.498+0.245* 4% 3.361£0.206 " ~444°° 2 682£0.270 " ALAA 2.395+0. 184 *~ohaee 1.942+0.195°°®®050
U 2.198+0.163 1.729+0. 142* 1.695+0. 119" 1.840+0.201% 1.676+0. 163

D 1.739£0. 210" 2.125+0.137% 2.096+0. 113* 1.842+0.150™ 1.926+0.192

EU 2.23120.183* 2.83620. 139 *#AAAAO0 ) 41940, 223 FALAA® 2.168+0.173°°® 2.036x0.163®°F

C: Control group; E: Eccentric exercise group; U: Simple blocking group; D: DMSO group; EU: Exercise block group
*P<0.05, “P<0.01 vs C in the group; "P<0.01 vs E at the same time; “P<0.05, 24P<0.01 vs U at the same time; *P<
0.05,%*P<0.01 vs D at the same time; °°P<0.01 »s O h in the group; ®P<0.05, ®*®P<0.01 »s 12 h in the group; “P<

0.05,7%P<0.01 vs 24 h in the group
AR, PEZE R AR S8 B EL T 2K WA D BRI AR K, 1B
35 24 h BARRTE S L5HA T E . 48 h Zehifk
WP B 12 h KRRz, 285 72
h SRATE B O AR E R 8w, RI7AT
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AR AE . EA B, — R IR LE )G 0
h KR = Sk WLZ R A 22 5 23 0 fR, 350 o0 2 b A4
4, Mz 85 48 h Fl1 72 h ZRRRTE S S5 e Bl
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ARIUTAS R BERE  ZRIE 5 A A5 R AR —3,
AT g2 R T T R FH 932 3l 6 57 Rz Bl B 8] A (] B
B, Z IR 200 min (Y F 38V B, WA ST A
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fie S sIE 18 B Koz i a2 VA OC .
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h #3058 R 8, AT AT, — RO fer .00 08 3
REF BB BNV S5 & AR B RAE , MPTP 5 38
IR, B LA I/ T 8 R LT, a2
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T, $m BRI TR R A2 3 5 1 g #s AL
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&L, Omi 5 XIAP 76 5.0 iz 3h 7% 5 1Y L 48 il 94
TP e A SR, DL B SRR 1E R A
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